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1 .  lN’I’liol)lJ(YI’lo  N”

‘J’]Lc CIi[liclllt,y o f  ICIIIOtC srl]sillg cirrus icc lnass

frol)l  a sakllitc i s  a  II121jor ]JrolJlcIII for  olmwillg
tile clilnatc syskII1. \Vitll clill)atlc  lnodc]s lIow ]Jrc-
dictitlg c]oud  Watlcr aIId ice col ItcIIt,  glol)a]  mcasarc-
II ICIItS of cirrus icc water lmtlI  (l\V1’)  are ndd for
(;(~hl validation]), as WCII  as for llllclcrs(:~llclillg  tlIc
ll])]~cr tro]Jos])l  IcrC ]Iydrologic  cydc. W]lilc soInc  o]>-
tical ])ro])cr(ics of icc clou(ls  CaII l)c lIlrasurcd froln
sat,cl]itcs, t,llcre  aw large i])accllracics  ill rclatillg o])-
tica] dc])tll  to I\!]l’ l)ccausc ofllllcc)tailltics ill cirrus
lJIIasc ful)ctiol)s, siw dishil)lltiol]s, aTI(l s])atial il)llo-
IIlogcllcity.

lleccII(ly n IICW tcclllliquc for Kvnotc]y  sensing cir-
rus lW1’  al)d  cllaractcristlic partic]c s i z e  w a s  pro-
l)OSCd (lIkaIIs  aIId  Stcl,lIeIIs, 1995).  ‘1’llis II IetlIod

rel ics  olI llIC scattering of upwcllillg lt]icmwavc ra-
dia(iol] l)y icc crystals, dllcillg llIc l)rigl  ItIIcss  tclIb
IKwturc frolll c lear  sliy WI IICS. ‘J’llcorctical  calcula-
tiol]s al frcqucllcics  u]) to 340  (4117  slIowcd  that t h e
scllsitivi(,y o f  II]icrowavc  radiolllctlry to cirrus lWl)
illcrcascs wit]]  frcqucllcy and that, c]laractcristic.  ])ar-

ticlc si7jc i s  tllc lI)zIjor fack)r ill rclatil]g l)ri,ghtacss
tCIII])CILItIIIC\  dc])rcssioll to l\171’. ‘J’IIc di(~crclltial  scm
sitivity of two radiol]lctcr frcqucl]cics was  found  to

I)c Ilscful  ill cs(illlatil]g cllaractcris[ic ])articlc  s i z e .

])asd 011 this tl]corct,ical work  in(crl)al Jet l’ro])u-
sioll  IJal)oraiory fllllds were ol)taincd 10 begin coil -
s(,r(lctillg  a ]jro(oty])c (Illal frcqucvlc.y (500 G]] z and
(j30 (~1 Iz) Slll)ll  lillill)[’tCr-\  VilVC’  radiolnclcr for  rc]]lotc
sc])si]lg  of icc clouds froln al I aircraft, ])latform. ‘1’llc
adva IItagcs of IIlovillg  to sul)]llillill)ctcr  wavclc]lg~l)s
a r c  discllssd I)elow.

2. S i l l \ - M M  liAl)lohllI  J’J’lt3°  ANI) (;llilil JS

III tfIc  ])licrowavc ]Joriioll  of tfIc s] JcctruIII  tlIc al)-
sorl)tioll l)y atltlos])llcric gases, outside of isolated

(~orrcsl)f)])di]lg  illltllol  ild(ll’CSS: FIaIIfi  lha]ls, l’rogram

ill At]]] os])llcric  aIId Oc(,a]iic  Scicliccs,  Uliiwrsity  of C~Ol-

Otado,  lk)lll(lcl’,  ( ~() 8030! )-031 1

oxygc II l)ands, is fro])l  w a t e r  va])or. ‘J’lIus the ra-
d i a t i o n  nnittd by tlIc  s u r f a c e  aIId l o w e r  tro]Jo-

S]) II CI’l C \V2ttcl  Va])ol i s  afkctcd l i t t l e  l)y tlIc d r y
U])])cl t 1 Opos])llcrc. ‘1’IIc al)sor])tioll I)y w a t e r  va-
])or illc.1 (ascs wit]]  fm]ucllcy, 1)11( tlIc trallslllissioll
fcoltl  tyl, ic.al  cirrus Iclrcls to s])acc  is still lligll  in tflc
slll)lililli  lt](’tcr-~$:i~’c  atlllos])llcric  windows (l’i. g. 1).
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IJigurc I: ‘J}allslllissio]l  fro]]] s])acc  (0 1 0  aIId 8 kln
ill a standard IIlidlatit{ldc  SUIIIIIICr atltlos]>llcrc.

lJ)llili~  ill tfIc  il]f’rawd,  i c e  ])articlm ill t h e  ]lli-
crowavt  (< 1000” (JI17)  illtcract will]  radiation ])ri-
lllarily I)y scattcri]ig, ratl Ivr tfIan clllissioll.  Cirms
clouds bcattcr sol IIc of lIIC u])wcllillg  radiation froln
tlIc low{r  atl]losl)llcw I)ack dowII,  w]]ilc  cl]litting lit-
tle, :111(I  S 0  Catlsc  ii Itduc(io]l ill tllc l)OWCI’ lIIC:I-

surccl  lIy  a downward l o o k i n g  radiolnctcr. 1( is tflis
cl IaIIp;c ill I)riglltllcss tcl]]]wraturc frolll tllc clcal sl~Y
va]uc (.\7~) tllatl  i s  tflt olmrvablc cfualltity rclatd
to Lllc {irrus l\$rl).  [;ivcll tlIc t e n u o u s  lIaturc of cir-
rus cloltds, lniclowav(’  radiative transfer will usually
I)c ill tllc l inear  rcgin~[. ‘1’llis means tllc sensitivity,
dcfillcd  as i.flc ratio of tlIr l)riglltllcss  tcln])cratorc
cl IaIIgc to tl)c ice water ]~atlI (A’1~/l  Wl’), is IIcarly
Collstallt.



l“igul’c 2 snows tllc Sc])sitivity  for various ])al’ticlc’

size (list ril)llt,iolls  for a raligc of’ IIlicrowave  frcqllcll-
tics. ‘J’l Ic cllaractcristlic ljarticlc size of tl)wc gaItIma
(Iistril)llliolls of sj)l]cccs  is givm] l)y tlic IIlcdiall  m a s s
dialllctcr 1~,,1(. ‘1’110 sens i t iv i ty  illc.rcascs  dralnati-
cally will]  frcqllrllcy for all size dislril)uticnls  for  tllc
Io]lgcr  wav(4[I@l  Is (< 300” Gl[z). Al)ov(I 300 Glly,
(1](’ scllsitivi(y still illcrcascs ra])idly wi(ll  frcc]ucmcy
f o r  tll{ sIIIallcI ])arl,ic]cs,  l)ut II IUCII ICSS  so f o r  Lhc
lill’~Cl’ sizes, so tllc rallgc of sensit ivity lIarrows with

frcquctlcy ill tlIc s[ll)ll]illilllct~’r  r e g i o n .  ‘J’IIus i]) t,hc
slll)lllilli}ljctct  regio]l  tlIc  ])ar(iclc size  d o t s  not IIccd
(0 IJr ktlowll  as accuratc]y ill order to ret, cievc tllc cir-
rus IW1’. ‘1’1)( il)crcasc ill wllsitivity wit]] frcqucllcy
(Ir])cllds 011 tllc cllaraclcristic ])articlc s i re ,  lvit,h ICSS
ilicr~asc f~,l’ lal”g~’1’ ])ill’(iCIC%. 11 is this ])ro])cr(y  that
allows tl}c l~riglltllcss  tcIII]Jcraturc cllall~c  at, (WO frc-
qucllcics to IJC IIS(XI to ret ricv[> tllc cllarac(crislic ])ar-
ticlc sixc,
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l~igurc  2?: Scllsitivit,y for diflhrclll s i z e  {Iistlil.)llt,iolls
of s})llrricai ])articlcs,

‘1’lIr slll)lllillilll( t(’r-~k’:~vc scllsitivitjy is IIigll cIIoIIgll
tlIa( cirrlls of IIlodcratc visil)lc o])tica]  dcl)tlI  will I)c
(Iclectal)lc,  11’or a givcll  1  W I ’  (IIC IIlicrowavc  scllsi-
tivily illcccascs witl) I)article  s i z e ,  wllilc tl)c oj)tical

dcl)tl)  (Ircrcasm, ‘1’IIus  tllr l)rigl]tllcss  tcln])craturc

cl Ial Igc for a  visil)lc o]~tlical  dC])ill I of otIc (l~ig. 3 )
varies collsidcral)]y wi(l}  l)IIC size distril~utioll.  llow-

Vvvr, cve II a size (Iislcil)lltioll  wit]]  lllmlcratcly slna]l
[,artic]w (1),,,,  = loo//III)” is  drlcctal)lc :1( G30 (Jllz
(/lr/j z 2.6 1;).

‘1’0 sllt]llllarizc, tllc a(lvalltagcs o f  slll)lllillill]ctcr
}~avclcllgllls  ar~~ 1 ) (l)[~rc i s  l]]ucll gwatcr scllsi  (iv-
ily  to cirrus l\4~l), 2) tlIrrc i s  ICSS  dc]Jc IIdcIIcc 011
llic cll:ll{lc((~listic  ])arlicl( size , 3) surface clnissivity
variatio)ls arr Illlitll]wrtallt l)ccausc tllcrc is virtually

Nlicrowave  A’]’,, / Visible Optical l)cpth
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];igurc 3: l{atio of l~riglltllcss  lcln])crature cl]ang( to
Y’isil)lc  ol)tica]  dc])tl}  fc,l various size distril)utiolls of

s])hcrical ])ar{iclcs.

110 surf arc collt,ril)uiioll, A ])lausil)]c  SC( of frcquell-
cies  f o r  ;I IIlulticllallllcl  illstrulllcl)tj call  I)c CIIOSCII  l)y
sclcct, illp, at,lllos])]]clic  Ivilldow  frcqucncics  that, arc
db[)lltl a factor of 1 ,4 il])al’1  (for l)articlc size dctcl’-

IIlillatio]l; Gasieivski$ I!)(V),  Sllcll as 210, 290,  410 ,
(;30, and 880 (;117,.

3 .  ‘J’]]] J ])I ,  (’1>0111) l(~l; 1{. AI) IONIIYJ’lI;lL

‘J’l)c J(t l’rop~llsioll  I,nl)oratory i s  a  wor]d leadrr

in sLll)l) )illilllct,cj-~ ~’:l~c ladiolllctry. lJltra lo~v-lloisc
llctcrod~l]c  rcccivcm for  as[ ro])ltysical and cartll rc-
IIlotc scllsi)lg  a])])licatiotls Itavc  I)CCII dcvclo])d ilk
Iccctlt v(~ars, (bsts ft~r t h i s  l)mtoty])c il)strultlcllt
w e r e  grc; itly Id IIccd I)y usill~  (Iwo c.xistillg  rcceivcrs
()])cr;it,ill,g ai 55( I (jllz (1’cllvcc et al., 1094)  and (326
(;IIZ (Salcz f.’t a l . , 1!3!)4), lrllicll arc l)cing rctuIId
t o  tl)c  {Ill)losl)llcric  will<lows at, 500 and 630 (;117,.
‘J’lIcsc hccivcrs cItI])loy sll])elcollc l~lctol,-il ]sLll:itor-
SLI]JCYCCjI  ICI II CtOY (S1S) (Ictcctors. ‘J’llcy ale cryogcl)i  -
cically c,mlcd  k) 4  I; aIld  lIavc  IIoisc  tcmpcraturcs
arou IId YO(I K SOIIIC !J-~{0 til)]cs 10WCY  tlIa II UIICOOIIX1
Scllottk} barrim d i o d e s .  ‘1’llis low lloisc cllaractmis-
tic is us[ful, thougl] ]l(,t strictly IIccrssary for c l o u d
icc radio  lnctry.

A IIigli f-ltu]nl)cr ol)tical sysk]ll will coIt])lc  tlIc at,-
ltlos])lIc)  ic signals to tllr rrceivcrs. ‘J’IIc r a d i o m e t e r
Jvill ]IIC; ISUIT (IYO oI(l Io/,o]Ial  lillcar  polarizat, ions at,

[)00 and  630 GI17 wi th  ]I]atcllcd 3° l)calnwidths. ‘J’IIc
radioltl(lcr l)cal II w i l l  sca)I  alol Ig OIIC axis (,0 Vic}t,

l)otlI  u])ivarcl a n d  (Io!vl]lval(l  froln tllc airclaft, \$ritl)
tl)c  S 1 S  rccicvcrs all ill(cgralioll tilt]c of 35 milliscc-
olIds  shou]d yield  a IIl(:isllr(’l]lellt  ])recisioll  of ().2 K.



‘Iwo tt’lll])cr~l(llrc -collirollr(l I)lackbody targets w i l l
l)c illscrtcd into (I)c I,calll ]Jcriodically for  rccciver
calil)ratioll.

‘J’llc ol)tical  syskIII aIId  IIloulltillg lIarclware  arc

dcsig)lml  for lIIC  NASA 1)(;-8  aircrtlft. WC IIolw to fly

tllC slll)lllillilllctcr-~tavc racliolllct,cr  0 1 1  ])[~-~  at,lllo.

s])llcric  rcscarc]i fliglllts  i]] ,S])ritlg 1996, s]lcciflcally
lIIOSCS  of tllr N A S A  Sul)sol)ic  AsscssItIcIIt  ])rograIn

( S A S S )  aII(l/oI tlIQ lCS(  flights for tl]c  ,11’1, CIC)UCI
I’ii(lar.

A  dcdicatcd radioltlckr for  smwing  cirrus clouds
wwuld IIavc  lIIC cllartlctc~lis(ics  o f  tlIc ])rototyl)c ra-
dio))lctcr  dismlsscd  lIcrc, I)llt  i]] addi(ioll IIavc ] )
lllocc  widely se])arald frcquc]lcics for  lwt(cr ])articlc
size (Ici,crltlill:ltioll, 2) ])lultil)lc frcqucvlcics  for good
sells il, ivify CJVCI a wide ratlgc of l\4T1’, and 3) lolvcr
frcqllcllcy  cl IaIIIIcls  (SIICII  ns acoulId  tlIc  183 G]lz wa-
ter va]~or litlc) to I)c IIsml for dckrltlitlill~ var ia t ions
ill tl]e  Ill)wcllillg  radiaiiol] 1) C1OW  cirrus layers .

4. MOI)I(;I,IN(; l’olt ‘1’111; J ] ’ ] ,  1i,Al)loh41Y1’l;lL

A  ltlodclillg study i s  ullclcrway  to il]l])rovc  (I]c
]Jrcvious  ~ll)aly(,ical  w o r k  a]ld cxklld ii 1,0 t,l)e frc-
qllcllcics o f  tl)c J  1’1, radiolllc(cr. ‘J’llc i c e  crys-
tnl  s c a t t e r i n g  ])ro])crlim arc l]]odclcd  wit,]) the dis-
crctc dilmlc  :l])]~rc)xill~:lii(~ll  (l)I)A) (SCC lkans a n d
Stcj)l)ctls, 1995 aIId  rcfcrcIIccs  tl]rrcin),  IIcrc 21 log-
aritlllllically sl)accd I)acticle sires fro])] 10 {0 1000 j(]t]
arc coltl])IItc(l  for 1 I slln])cs  (solid colum]), 1I O1 1O W

colllll]l],  so]i(l COIUTIIII will]  a  di(lcrcl]t asjwct ratio
forlllllla, lower dcllsily  p H ().(j g/cl)):~ colull)n, 4 l)ul-
Ic1 s])at  ial I(WP((C,  b l)ullel rosette, G l)ullct,  rosette, 5
l)ull(,t  roset te  Jvii,ll lnodificd l)ull(t as])ect ratio, rall-
dol)]ly  oriclltccl  b I)ullcl,  rosctk,  () = 0.(3 stick-l) all

cylilldcr  wit]l  a  s])l]cw  01) OIIC c]ld,  p = 0.(3 ])ro-
latc sl)l)eroid). A ]Jolarizd I)la)lc-])arallcl r a d i a t i v e
tral)sfcr ]tlodc]  Calculatlcs  lIIC radiallc.c (and hence
I)riglltl]css tctlllx:raturc) for  several a)lglcs at a n y
Icvc] ill tile ntIIIos])lImc.  1’0] tllc results s h o w n  IIcre
:] s(al]dard IIlidlatilu(lc sil]]]]])cr  atlllos])llcm  is used
will]  tllc r e l a t i v e  llulllidity of tllc cirrus layer SC(  to

7 5 % .  ‘1’IIc ]]ar~iclc  size distlril)utiolls  arc cllarac(cr-
id l)y cqllivalcllt, S])IICW gallllna (list,lil)(ltiolls:

IV(l)) =. (11):’ cxp[-(o + 3.67)  1)(/1),,,,] ,

Ivllcrc  1)( is  tlIc dialllctlcr o f  tl]c cquivalcllt,  m a s s
S])IICW,  I),,, f i s  tl]c  II]cdial)  lnass diall]ctcr o f  tllc
distril)lltioll, n colltro]s tl)c width  o f  tl]c dislril)w
tioll, and c{ is folllld  fro]]) tl]c icc IIlass  conccntratioll,
‘Ihs(s  Ilavc  slIowll  t]]at llsillg gal]ll]la distril)llt,iolls
fit to olmcrv(x]  size disl ril)utiolts (from 1’1 10;  1 9 9 1 ,
1),,, < <  15011111)  g i v e s  rlt]s  fracliolla] cliflcrmlccs  ill

scllsi(, ivi(y of  o]]ly (j”o” \t,]Ic]I  ]),,1< is fit, (,0 t,]If.7 5’(,11

ll)ol Ilcni of 1)( altd n is fixed at ] .

‘1’llc s<l]sit,ivity  for 9 galtlltla size distril)utiol)s and
4  rcl)rcs(ntai,ivc  ])articlc slla]~cs  fc)r all u])ward  vicw-
illg  gcoll]ctry is  SIIOWII  ill l’ig,  4 ,  ]br (, IICSC h o r i -
z o n t a l l y  orimltcd ]Jarticlcs the l)rigll(ncss tclIl])cra-
Iurc cl IaIIgc  for  vertical ])olarizat,iol]  is smaller than
for  IIori?olltal polalizatioll, ‘J’IIc ral)gc ill s e n s i t i v i t y
(Iuc to slia])c  illcrcascs with ])ar(icle s ize,  aTld at, 49°
view  al)~,lc is al~ollt  :1 f’ii(’tol”  of 2.0 for 11 ])01 and 1.7
for V pc)]. hlost of this raIIgc  ill sensitivity is from
tllc IIigll dcllsity asslll)l])tioll f o r  tllc COIUII}II slla])c.
OtlIcr IIlodcling rcsl]lts il)dicalc t]lat t,llc raIIgc  ill
scnsitjivily froln lhc (Iistril)lltioll  widt,ll  ((! == (), ] , z)
i s  lnucll  sltlallm tllall that froll)  sllapc.
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l~igure  4: Scllsitivity for four ]Jarticlc slta])cs and
diflcrcllt  size distril~utiolls  at, 500 (~llz a]ld  630 C+IIZ
for  two ],olarizatiolls.

l~iguw  4 also SIIOJYS  1 IIC  sensitivity of rosctks for
it dowl]l!ard vicwi)lg  ~coIIIctry frol II a  20 ktt) fligl)(
]cvcl.  ‘1 Ilc downward  Iool{illg sensitivity is slightly



lowrr, csl)ccially for  SII12111CI  ])a  Iticlc sizes. ‘J’llis  CaII

I)c cx])lailld wit]]  a silll])lc first orclcr  scat ter ing ra-
(Iiativc tca])sfcc  II IO(IC1.  Assulllillg  ]10 dowrllwcllillg
illci(lcll(  radia(ioli 011 Ille to)) oftl)c cloud  this I]]ocIcI
gives:

Al,,,,,, : - T [ (1  -  w~)l[,,,,}, -(1 - ti)l~,,,i] ,

Al(],,f,, :- T [(1 - W.f)l(],,,j, - (1 - W)(IO,,,l, -- lIcM)] ,

wlIcrc T i s  tllc SIII)-111111  ol)tica] dc])ill  o f  tllc cloud,
u is  (,]]c sillglc scat, t,crillg  alljdo o f  tllc cirrus par-
ticles, j is (lIC forward scat ter ing ratio, 1),~~ is the
l’laltck clllissiol) f o r  tlIc  avccagc  Clo:ld lcln])craturc,
II,,,j)  i s  tllc Il])wcllillg  zclli(ll radial]cc fcoln  t,llc !01)

of  tile cloud, alId  IC),([,, is tllc dow]lwclling  ]ladir radi.
a]lcc~ fro]ll  tlIc l)olt OIII of tlIc  cloud,  11’or t h i s  silnl)]c
tw-strcalll II Iodcl  tlIc  u])wad  aIId dowlIward  radi.

alicc  cl IaIIgc  ar[~ tlIc sal IIc  IIlagtlitudc  (I)ut o])]) ositlc

sigtl) i f  t,llc icc  ])acliclm (10 IIot almorl)  (U u 1). I f
tllr i c c  ])articlcs arc sIIIall  aIId tllcrcforc c]llit thin]
this II Iodcl  SIIOWS Illat tlic dowllwcllillg d e l t a  racli--
illlc(’ Wolll(l 1)(’ gl’catc l’. ‘1’llc sil))]jlc  lnodc]  can alsc)
cxJ~laill W]ly tllc scllsitivit,y for  solid colultlns  is SLIIP
S(alllial]y grcatcc lllan that for  Iosctlks. l“or a  givcll
lWl) tilld size dislcil)utioll tile colllll)lts lIavc  a IIigl)c)
()])ti  Citl  (l[~l)t,ll IJllt, il Iol\,cr  for}),ar(l scattcri]lg ratio
and lllcs(~ cfkck collll)illc  to give a larger Al.

‘1’llc dfccls of vacious atlllosl)llcric IIullliditics  and
cirr(ls l a y e r  ]Icigllts w a s  cxaltlillcd. ‘J’lILJ cl IaIIgc ill
scllsi(ivi(,y  for cIoII(I l)asc  IIf$igllts variml  fcoltl  1 0
k) 1 4  lilt} ill a s(alldac(l IIlidlatitudc  sul]]l])cc  atlno-
S1)IICKI  is 2b(X)  foc tlIc (low IIwad vicwillg gco]nctry
1)111  oIIly 8(X, for ul)ward vicwi]ig  f’IOIII  10  kIII. A s  tlic
cirrus ]aycr, 01 aircrafl illstcllltlcllt),  ]tlovcs  l o w e r  in
tllr atlIlos])l  Icrc  tllc  trallsltlissioll I)c(wc{ll  tllc cloucl
al](l Ya(liolllctcl  (Iwr($ascs,  tlllls lowcrillg  (11 IC m)sitiw
ily.  OIIC w a y  to tllillk al)out this is that tllc Lrans-
IIlissiol]  curve  for a dew, IIward vicwi)lg  ,gco  II IctIy is

a kind  of wcigllti]lg function sclccllillg  for ul)])cr  t.rc)-
I)osl)llcric  icc c]ou(ls.

A  silll])lc a])])roacll  to rrIIIok sc)]silig  cirrils ])Iw]~-

crtics  i s  to collsidcr  tllc cfk’c(.s  o f  l)ill’(iCIC  slla])c  and

dcllsity  a s  e r r o r  soIIrcPs ,  and try t o  rchicvc  cllara  c.-

lccistic ])acliclc s i z e  and icc w a t e r  l)atll using tww
Cil(liolll(’tcl” frcqucl]cics. OI]C way 10 do this is to re-
l a t e  lIIC ratio o f  A’1~ tti, (x+() (;l Iz a])d 500” G]lz t,c,
tll( scllsilivity a s  ill l’ig.  5. ‘1’llis rclaliol]  is  fairly
Iiilcarl tlloligll t]lcrc acc sul)stalltial ul)ccrtailltics in
s(~l)sit,ivi(y as SCCII  ill tl]c s c a t t e r  ill tllc ])lot.

‘1’IIc Iil]cnc rcgrcssioll rclat ioj) for scllsitivil,y (,$’) all
MO C;lIYI for  ver t ical  ]mlariza(io]l  at 4!)0 is

,S H ().837 - ().tlY()(A’l i, G:3{l/A’l~5[j[] –  1 )  3 0.075

(111( st al Idard error of tlIc rcgccssioll  is af(cr t,lIc  4-).

l(’or a 00 Vi(w’i]lg angle fro]ll  10 1{111  ill tl]is Sullllncr
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l’igurc [J: Sc]lsi(ivi(y ;il 630 G]lz a s  a  function o f
tllc rati(] of A7i,  at, (i30 (JIIz (o 500” Gl]z for  var ious
])altic]c sl]a])cs  and siz< distcihutiolls.

atl IIos])l  IcK tlIc  rclatiojl  i s

,9 H  0.[,69 – (). Jj8Ji(A’1  i, fi:j()/A7ij50(, --1 ) 3 ().1(){) ,

and f o r  [I dolvnlvard  lookil)g  gcolllctry at, 49° V ])01
tlic rclal iol) is

,$’:- ().(;75 – ().58 ()(~\’1i,(,:+L)/A7 i,5[1(l -- 1) + 0.072.

‘1’llis tyIIc  o f  ])10( can :ils{) give  a  rclatiol]slli])  l)c-
tw(cII  t h e  A7i,  ratio al)(l tllc cltaractcris(ic ])articlc
size J),Jl, , c.g.,

11,,,  < = I b40 CX])[-  3.43(  A’li,(i:io/A’f  j5(l[] – 1)] 4 24(X

f o r  t,hc ( asc ill lip;. 5. Assuloillg  lillcarit,y, wllicll  i s
acc(lrat,  t to witllill al)ollt 1 ()(X, foc  AYi, < 30 1{, tllc
i c c  watct ])atll  is sil]l])ly  tll( I)rig]lts]css  tc]tl])cratucc
clla]]gc  divided l)y tl]c  s(tlsitivity

III’]’ : A’[i,G:j[)/,f’6 :+[1

‘1’his dcfillcs  a very siltl])lc  cicrus retrieval algoritl)ln
fO1’  tllC  J 1’1, SUI)- IllIll  l’il(li  0111 CtCl’.

It i s  illl])ortallt  t o  csti)llatc tlIc  e r r o r s  associat,cd

wit]]  this sim])lc algorill)l  l]. l’otclltially tllc largest
souccc  of error i s  dctctlllillil)g (IIC A’1~’s fcol)j tl]c
lIlcasur(vl  l)rigllltlcss  tt~ll~])cratlllcs.  ‘1’llis IIligllt I)c
(IO]IC  l)y  diflcrcllciljg  ll(ill’1)~  clcac  ])ixcls  01, I)y using
lo~vcr ltlicrmvavc frmlu(llcics, wllicli  am muc]l  l e s s
scllsi(,iv(,  to cirrlls, to lllcasllrc l},at.cr va])or  and ll)i-

dlcvc]  cloud  variations. ‘I’l Imc tyl)c of errors arc tllc



. . .

‘1’al)l($ 1: l’;xalll])]c  l\’Vl’ :111(1  ])al’ticlc  Siw 1),,, ( re-
trievals wit]) tlI(’ siltl])lc algoritll]]). l] Icludd is t h e
]iil)~(~ O f  (I]]ccrtaitlt,y  iII IPVl) fIY)III A’1~, Cr]OrS Of
al)[;llt  2.() K .

A’1 j,
500 6 3 0

!r~ 7
!5 8
r) g

10 14
1() 10
10 18

20 28
20 32
20 3(i

IW]’ l’allgc–

12 26
]{) 77

27 10[)
24 32
:;~ 82
61 225

48 65
7(! 123

134 451

focus of aIIotlIcr ol)goi]lg  IIlcdelillg  sludy.  ‘J’llc othm
l]lzijor  crcor s o u r c e  iII this  sil)]])lcscllclllc is tllc utlccr-
tailllies ill lIIC s(l)sitivity due to ])arlic]c slta])c  a]ld
(Icl]sity.  ‘J’llc rcslills of aI) illustrative error a n a l y -
sis coltll)illillg l, IICSC two  error sources  for 11]0 case
it] l“ig. h arc Sliowll ill ‘I’ill)l  C 1 .  ‘1’llc  I’allgc  in IWl)
i s  coln]~utd  for A’fj, crrom of 3.2.0  an(l f~.~ 1{ f o r
500” (;lIz all(l 0 3 0  ({11x  w i t h  ])crfcct corrc]atioll  bc-
lwcclt  tl)[ errors at tl)c two  frcqllcllcim d(le to w a t e r
va])oI  v a r i a t i o n s .  ‘1’llis A7j,  error ICVC1 SIIOUIC1  bc
rca(lily acllicval~lc.

‘1’lic 1 W]’ error rallgcs arc quite favorable for tl]c
l a r g e r  l~arliclc cases otIcc  llIC signal to IJoisc is rca-
soIIal)]c  (A’1~5,  )(, > IO Ii). ‘J’IIC slnal] sim dis t , r i l )Ll-—.
tiol)s Ilavc  l a r g e  crmr l)ars ill l\V1’  du(’  to  dividi]lg

I)y a s~]lsitivity  wi(l]  a fradiolla]ly large unccriaintly.
‘J’llis is ]10( as  ]]ILICII a rotlcm~l  as  it ]Iligllt  SCCIII  l)c-

callsc  llIc’ sIIIallc  I I)ar(iclc sire+ occur with low icc wa-
ter Colltcllt  a n d  gcllcl’a Ily wol)’1 I)c olx-xrval~lc will]
a slil)-]tl]))  radio l))ct, cr, It is il))])ortalltl  10 rcll)clt]l)cr
{Ilat  Illc ra(lioll]ctcr i s  IIlakilig al] illtcgratd lilca-
sIIrctIIcIlt  and so tllc rclcvallt,  size dis(ril)u(ioll  is (llatj

Of tllc WI IOIC cirrus C]oll(l  wllicll  wou]d  i n c l u d e  t,]Ic
l a r g e r  ]~artic]cs  ]Icar  tllc clolid  l)asc.

5. (: ON(~l/llSlo  NS” ANIJ 1~(1’1’(lltl: Wolili

l’assivc IIlicro!vav( rci))olc scllsillg of cirrus clollds
I,cco]llcs  ]!]0s(  a t t r a c t i v e  WIIC]I collsidcril]g sulJl1lil-
lilllctcr \VilV(’lCll~lllS. ‘J’llis is dllr to tl]c  ]IIIICII glcatcr
scllsilivity to icc ]tlass at IIigllcr  frcqucllcics a])d t h e
(l(’CI’(’i IS(’(l (I L’])CII(I(’IIC(’ 011 ])ill’ili(’l C size. A  ]mto-
ty]w SUIJ-1]1]11  radi(,lllctcr wit]l  rcccivcrs al 500 al)d
630 (;IIz is II]i(lcr construction at J]’],. ‘1’llis instrw
]llcllt  lvill ]IIcas  IIrc v e r t i c a l  a]]d IIorizolltal l)olariza-

tiol]  all(l stall bot]l ll]~lvar(l slid dotvllward frolll tl]c
N A S A  1 )(;-8 aircraft,. Nlodc]illg  rca]istic cirrus ])ar-
liclc sl]aj)cs al)d s i z e  distril)utions  at tl)csc frcquc]]-
cics  IIas SIIOJV]l that icc water pat]l and cllarac.(cristic
]~art,ic]c sixc call  l)c rctricvcd }vitll Ilsal)lc accllracy
wit])  a Ycry siln])lc two  cl Ial IIIcl algoritllln.

II) 19!)6 tllc l)mtotyj]~ sIIl)-InTn radiol]ictcr  sl]ould
I)c finisl,cd a n d  flown (Iurillg atlllosl)llcric rcscarcll
flights (l)rol~al)ly  i]) ltitc Sl)rillg). l’uturc work  w i l l
inc](l(lc  (Icvclol)i]lg  ]IIOI(  so])l)isticatcd  rctricva]  algo-
litllmsf(~r tlIis lIcw  rfl]lotc scllsillg  tccl)lliquc,  fllrtllcr
cllaract(lizatiol] of  tllc (,rrc)rs, and alla]ysis  al]d  vali-
dation using tl]c  il]itial (Iata collect.cd. ‘1’llcrc is lnuctl

t o  I)c g;lincd  ilI coltll)itlillg tllc sul)-]nln radiolnct,cr
will]  a  cloud  radac to r(dllcc tllc ])articlc siw/1 \Vl)
Ilnccrtaitltics that Iit]lit  Imtlll tcclllliqucs, IJookil]g
fartllcr all cad, tlIe 10JV I)olvcr aIICl s])acc  rcquirclncllts
o f  slll)]t]illilt)ctcr-!~:lvc  ra(lio]nctcrs II Iakcs  a  satel-
lite ]Ilull icha]]])c]  illstr]l]]]cl]t a] I att7activc ol)tio])  for
glol)a]  r(lI)otc s(llsillg  of cirrus c]oud  ])rol)crtim.

A [’L71(I/()/(:(lg?llc711s:  ‘1’llc 11’ol’li  dcscril)cd ill this ])21-
])cr was ])artially carr ied 011( I)y tllc Jet l’ro])ulsioll

IJal)oral ory,  Cal i fornia  Illst  i((ltc of ‘J’ccl]llology, UII-
dcr a  c(,]lt,rac{ wi(ll  tllc N:iti{)]]i\l Acmllaut,ics  and
S])acc  A (l]ninisi ratiotl SOIIIC  of tl)is tvo]li  was  ]K:c-
fol’lllcd I)y tllc CC11(C7 f o r  S])acc Nlic)()(lcctr()llics
‘J’cc.l)]lol{,gy at, J] ’],. ‘1’llis lvork w a s  fulldcd tltrougll
l)otl~ (lIP J]’], l)ircct(,r’s l)iscrctio)lary IIllld and
NASA (;rallt NA(;-I- 1702.
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